Aims: Delayed gastric emptying (GE) may have a major effect on the management of diabetic patients by causing upper gastrointestinal symptoms, impaired oral drug absorption and contributing to poor blood sugar control. Although the United Arab Emirates (UAE) has one of the highest prevalence of diabetes in the world, studies focusing on the prevalence of diabetes gastroparesis among these diabetics have never been reported previously. The aim of this study was to investigate gastroparesis among randomly selected Emirati type 1 and type 2 diabetic patients referred to a national diabetes center in the UAE. Methods: The study was designed as a controlled, single-blinded study. Using a standardized ultrasound technique, GE was studied in thirty-one randomly recruited type 1 and type 2 diabetic patients and ten normal healthy volunteers. The gastric emptying rate (GER) was estimated and expressed as the percentage reduction in antral cross-sectional area from 15 to 90 min after the ingestion of a semisolid breakfast meal. Results: In comparison to healthy volunteers, diabetic patients showed overall significantly wider mean values of the fasting as well as the postprandial antral areas. The mean value of GER in these Emirati diabetic patients was estimated at 17%, which was less than half of that in the healthy volunteers (50%). Statistically the difference was highly significant (p < 0.001). Normal gastric emptying was estimated as of GER > 32%. Consequently, 71% (22 of 31) of the diabetic patients in this study had more or less pronounced delays in GER (gastroparesis). Conclusions: The results from the present study indicate a higher prevalence of gastroparesis among randomly selected Emirati type 1 and type 2 diabetic patients, than in any other study previously published around the world. This is in line with previous reports about the high prevalence of diabetes complications among UAE diabetics. A larger study is needed to confirm these results.
Introduction
Impaired gastric function is a complication to diabetes that is common throughout the diabetes population. Several cross-sectional studies have shown that disturbed gastric emptying (GE), including delayed GE (gastroparesis), is frequent among diabetics, indicating a prevalence of 30% -50% among type 1 as well as type 2 diabetic patients [1] - [6] . Abnormal gastric motor function may have a major effect on the management of diabetic patients by causing upper gastrointestinal symptoms, impaired oral drug absorption and contributing to poor control of blood glucose concentrations due to the delayed uptake of glucose in the intestines causing a mismatch with the anti-diabetic treatment [7] [8] .
Gastroparesis, which is defined as a delayed gastric emptying which cannot be explained by mechanical obstruction, can be caused by a wide range of disorders, e.g. infections, surgery, systemic illnesses and eating disorders. Diabetic gastroparesis is caused mainly by a vagal autonomic neuropathy, but hormonal imbalance has also been proposed to be involved in the pathogenesis [9] . Patients with gastroparesis may experience symptoms in the upper gastrointestinal (GI) tract connected to meal digestion. Typically these include postprandial early satiety, filling sensation, abdominal pain, nausea and vomiting. The relationship between delay in GE in patients with diabetes mellitus (DM) and the presence or absence of upper gastrointestinal symptoms is relatively poor [2] - [4] [6] . Actually, it has been shown that up to 50% of patients with marked delay in GE have few or no upper gastrointestinal symptoms making it difficult to identify patients with gastroparesis on clinical grounds [2] [7] [10] . Because the predictive value of symptoms of this condition is poor, objective measurement is required for the diagnosis of disordered gastric motility.
For type 2 diabetes, the gastric emptying rate seems to be a dynamic process. There is evidence that early in the course of type 2 diabetes, there is an increased gastric emptying rate in many patients [11] [12] . This phase is followed by progressive slowing of the gastric emptying [13] . GLP-1 (glucagon-like-peptide-1, an incretin) receptor agonists are a new type of anti-diabetic medications. They increase the postprandial insulin release, decrease the glucagon secretion and glucose release from the liver, reduce appetite as well as cause slower gastric emptying [14] . To prevent exacerbation of GI symptoms, it would be of importance to determine if a patient has gastroparesis before initiating incretin-based therapy. Whereas the ability of a GLP-1 receptor agonist to slow gastric emptying would be beneficial when the gastric emptying rate is rapid, it would likely be harmful in patients with type 2 diabetes mellitus who develop diabetic gastroparesis.
United Arab Emirates (UAE) has one of the highest prevalence of diabetes in the world. There is an alarming increase, and the diabetic population among the UAE is predicted to consist of a quarter of the national population [15] - [17] . Although gastroparesis is a common complication to diabetes, studies focusing on the prevalence of diabetes gastroparesis have never been done previously in the UAE. Taking this into consideration, the purpose of this study was to investigate gastroparesis among randomly selected Emirati type 1 and type 2 diabetic patients referred to a national diabetes center in the UAE.
Material and Methods

Healthy Volunteers
A control group of ten healthy volunteers of whom two were smokers (8 men and 2 women: mean age 54 ± 14 years; range 29 -73 years: mean BMI 29.9 ± 9.2 kg/m 2 ; range 20.7 -48.0 kg/m 2 ), ( Table 1) , was used as a reference for normal gastric emptying. None of these healthy volunteers proved to have symptoms or a prior history of gastrointestinal disease, abdominal surgery (except for appendectomy) or diabetes mellitus. The volunteers had no psychiatric diseases, connective tissue diseases, cerebrovascular or endocrine diseases, nor were they receiving any drugs likely to interfere with gastric activity, including birth control medication. On each study day all current symptoms attributable to the gastrointestinal tract were recorded, and the fasting blood glucose checked for normal concentrations using finger-prick capillary blood samples. If the subject reported symptoms indicating constipation or diarrhoea the examination was postponed. The participants gave their informed consent before the study began and knew that they could withdraw from the study at any time. : mean duration of diabetes 15 ± 9 years; range 1 -32 years and mean HbA1c 8.6% ± 1.5%; range 6.1% -13.4%), ( Table 1) , at RCDR, were examined. Seven smokers were identified, all men. Four patients had type 1 diabetes mellitus and the remaining 27 type 2 diabetes mellitus. The patients were from all the emirates in the UAE, but predominantly from the northern emirates. Seven patients had a history of ischemic heart disease (IHD), twelve patients had neuropathy, fourteen had retinopathy, two were diagnosed with diabetic foot ulcers and nine showed signs of nephropathy, without uremia ( Table 2 ). The patients had no history of prior gastric outlet obstruction, connective tissue diseases or gastrointestinal surgery (except for appendectomy). No patients were receiving any medication likely to interfere with gastric activity. On each study day all current symptoms, attributable to the gastrointestinal tract, were noted. Patients reporting acute temporary abnormal defecation, such as constipation or diarrhoea were examined on another day on condition that the abnormal defecation was normalized. On the other hand, patients with chronic constipation (in our study defined as symptoms for one year or longer) were not excluded as this was assumed to be their basal state, possibly due to autonomic neuropathy [18] . Fourteen patients reported daily or weekly symptoms suggestive of diabetic gastroparesis (Table 1) . However, the diabetic patients were not selected based on the individual probability of gastroparesis since the relationship between gastroparesis and symptoms of gastroparesis is poor, as explained previously. All patients were given written information prior to the study and were aware of their option to withdraw from the study at any time they desired.
Diabetic Patients
Test Procedure
The study was designed as a controlled, single-blinded study and conducted in 2011-2012. Data was collected through patient interviews, anthropometric data, lab tests and ultrasound measurements. Data collection for the diabetic patients also included information about diabetes duration and the type of diabetes, the current Table 2 . Data on diabetic patients with and without gastroparesis. anti-diabetic treatment and other medications, current HbA1c value and the presence of diabetes complications including retinopathy, nephropathy, peripheral neuropathy, diabetic foot and history of IHD. All subjects were examined in the morning, following an 8-hour fast. Smoking was prohibited 8 hours before and during the test. On the day of the study all volunteers were checked for normal fasting blood glucose concentration. The diabetic patient's blood glucose concentrations were also measured in the morning before examination. In order to avoid confounding influence by the blood glucose, measurements of gastric emptying in the diabetic group were done on condition that the fasting blood glucose level was 4.0 -9.0 mmol/l. Analyses were made using Roche cobas 6000 (Roche, Switzerland), which gives an HbA1c percentage according to DCCT.
Using a questionnaire, the patients were asked about upper gastrointestinal symptoms (such as dysphagia, regurgitation, heartburn, postprandial early satiety, abdominal fullness, nausea, vomiting), and lower gastrointestinal symptoms (such as diarrhoea and constipation) on the morning of the examination. Symptoms suggestive of diabetic gastroparesis were defined as postprandial early satiety, abdominal fullness, nausea or vomiting. Early satiety was defined as the premature sensation of postprandial abdominal fullness, and abdominal fullness as an unpleasant sensation like the persistence of food in the stomach. Nausea was defined as the sensation of epigastric or abdominal queasiness that typically precedes frank vomiting, and vomiting as the forceful ejection of gastric contents through the mouth, as distinct from regurgitation. The report of one or more of these symptoms signified symptoms of gastroparesis. The study was performed according to the Helsinki declaration and approved by the research ethics committee of Al Qassimi Hospital in Sharjah, UAE.
Assessment of Gastric Emptying
Gastric emptying was assessed using a standardized ultrasound method [19] [20] . The patients were examined with a Philips iU22 ultrasound equipment (Royal Philips Electronics, The Netherlands). The probe used was a convex abdominal 5 MHz transducer. After an overnight fasting each subject was given a test meal consisting of 300 g of rice pudding (Al Rawabi Dairy Company, Dubai, UAE) to be ingested within 5 min. Total caloric value was 420 kcal, provided as 11% protein, 58% carbohydrate, and 31% fat. During the examination all subjects were in the supine position with the ultrasound transducer applied with minimal abdominal compression. Between examinations the subjects rested seated. The tests were run in the same environment at the same time in the morning. Ultrasound measurements were performed by two radiologists (EAS and SKM), who were blinded as to whether each participant was a diabetic patient or a healthy volunteer.
The reduction of the antral area over time was used as an estimation of gastric emptying. Measurements were carried out before meal intake, as well as 15 and 90 minutes after the end of meal ingestion. The cross-sectional area of the antrum was determined by measuring both the longitudinal (D 1 ) and anteroposterior (D 2 ) diameter. A longitudinal scan at the level of the abdominal aorta and the left lobe of the liver was used as a landmark for orientation. This assured a consistency of the scanning method throughout the study. Measurements of the gastric antrum was made from the outer profile of the wall and performed between antral contractions to capture the relaxed width of the antrum. Since inspiration and expiration may cause changes in antral diameters, measurements were taken in the same state of breathing for each patient. At each observation, three measurements were done using the mean values of the longitudinal (D 1 mean ) and anteroposterior (D 2 mean ) diameters to calculate the fasting, 15 and 90 minutes postprandial antral area. The antral cross-sectional area (A Antrum ) was calculated using the following formula: A Antrum = (Π × D 1 mean × D 2 mean )/4. GER was estimated and expressed as the percent reduction in antral cross-sectional area from 15 to 90 min after meal ingestion calculated as follows: GER=[1-(A−area 90 min /A−area 15 min )] × 100. In the cases where the antral area continued to increase between 15 and 90 minutes, the calculated GER would be a negative percentage. The GER in these cases was set to zero.
Statistical Analysis
Descriptive data, such as age, BMI, diabetes duration and HbA1c as well as measurements of the antral areas and GER are presented as mean values ± SD and range. Mann-Whitney U test was used for intergroup and intragroup comparisons. The GER in healthy volunteers was used to calculate the limit for normal gastric emptying using a one-sided 95% confidence interval (mean GER -1.64 × SD). All statistical calculations were performed in IBM SPSS Statistics, version 22, 2013. P-values < 0.05 were considered significant and p < 0.001 as highly significant.
Role of the Funding Source
The sponsor of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the report. The corresponding author had full access to all the data in the study and had final responsibility for the decision to submit for publication.
Results
There was no significant difference between the group of healthy volunteers and the diabetic patients regarding sex, age, BMI and smoking habits ( Table 1) .
Healthy Volunteers
The mean value of the fasting antral cross-sectional area was 373 ± 145 (180 -659) mm 2 . The postprandial antral cross-sectional areas were 813 ± 178 (594 -1184) mm 2 and 405 ± 164 (196 -721) 15 and 90 minutes, respectively, after the end of the meal (Figure 1) . The mean value of GER was estimated to be 50 ± 18 (21 -76)%. Assuming that the GER in healthy volunteers had a normal distribution (mean GER 50 ± 18 % and median GER 50%) a limit could be calculated using a one-sided 95 % confidence interval (mean GER -1.64 × SD) indicating that GER < 32% should be regarded as delayed.
Patients with Diabetes
The mean antral cross-sectional area prior to meal ingestion was 811 ± 314 (369 -1472) mm 2 . The 15 and 90 min postprandial antral cross-sectional areas were 1376 ± 429 (724 -2385) mm 2 and 1201 ± 342 (568 -1999) mm 2 , respectively. The mean value of GER in the diabetic patients was estimated by 17 ± 19 (0 -57)%. A highly significant difference was found between healthy volunteers and diabetic patients (p < 0.001), in GER ( Figure 2) . Assuming that GER < 32% indicate a delayed gastric emptying, about 71% (22 of 31) of the diabetic patients in this study had a more or less pronounced delays in GER (gastroparesis).
Age, BMI, smoking habits, type of diabetes, the glycaemic control (HbA1c) or the mean duration of diabetes did not differ significantly between the two subgroups of diabetic patients with and without gastroparesis ( Table 2) . Although there appeared to be a preponderance of diabetes-related complications in the group with diabetic gastroparesis, it was not proven statistically significant in this study ( Table 2 ). Ten of the 22 patients with gastroparesis and four of the nine patients without gastroparesis had symptoms suggestive of diabetic gastroparesis. There was no significant correlation between gastroparesis and symptoms suggestive of diabetic gastroparesis. Table 2 also shows that, by selection, the GER was significantly lower (p < 0.001) in the subgroup of diabetics with gastroparesis than in those without gastroparesis.
Diabetic 
Discussion
Gastroparesis, or chronic delayed gastric emptying without mechanical obstruction, is common among patients with diabetes mellitus and is reported to occur in 30% -50% of the patients [1]- [6] . Although UAE has one of the highest prevalence of diabetes in the world there are no data on gastroparesis among the country's diabetic population. The results from the present study indicate a higher prevalence of gastroparesis (71%) among randomly selected Emirati type 1 and type 2 diabetic patients, than in any other study previously published around the world. This is in line with previous reports about the high prevalence of diabetes complications among UAE diabetics [16] . The mean value of GER in the Emirati diabetic patients was estimated to be 17%, which is less than half the rate in the healthy volunteers (50%), (p < 0.001). In a study on Swedish diabetic patients, using the same standardized ultrasound method for gastric assessment [19] , the median GER was higher (29%) than the one reported in this study (17%), even though the Swedish patients were selected for clinically suspected gastroparesis. This could be explained by differences in caloric content of the test meals since the rate of gastric emptying is a function of the caloric density of the ingested meal [21] - [23] . Even if the quantity and energy distribution of test meals were the same in both studies, the total energy content differed. A lower caloric content in the Swedish rice pudding (330 kcal) compared to the one used in this study (420 kcal), thus might have influenced the gastric emptying causing a more rapid GER. Consequently, the limit for normal gastric emptying was set lower in our study compared to the Swedish study (32% vs. 45%), based on the gastric emptying data of the healthy volunteers. However, even after threshold corrections and despite the Swedish diabetics being high-risk patients selected to increase the probability to detect gastroparesis, the prevalence of delayed gastric emptying was lower (57%) in Swedish diabetics compared to Emirati diabetic patients (71%).
The results from the present study show that diabetes patients without gastroparesis start with a greater mean fasting antral area compared with diabetic patients with gastroparesis. Consequently, they also reach a greater maximal 15-minute postprandial antral area but still manage to reduce the mean antral area at 90 minutes even below the mean fasting antral area, while diabetic patients with gastroparesis seem to remain at the same mean areas 15 and 90 minutes after the meal (Table 2, Figure 1) . The results are as expected and reflect a sustained normal postprandial gastric motor activity and gastric emptying in diabetic patients without gastroparesis. The vagus nerve activates the postprandial motility of the stomach and intestines by means of cephalic influences, gastric and intestinal tension receptors as well as intestinal chemoreceptors and the release of gut hormones [24] [25]. Thus, already the sight or chewing of food acts as a stimulus, so that the vagus nerve stimulates the production of gastric acid (the cephalic phase). It has been suggested that acid secretion is lower in some diabetic patients, probably due to vagal neuropathy [26] [27] . Such possible differences in gastric juice secretion between diabetic patients, with vagal neuropathy and gastroparesis, and diabetic patients without gastroparesis might explain the differences seen in the fasting antral areas in the present study. This assumption supported the fact that 90 minutes after ingestion the mean antral area was smaller than it was prior to meal ingestion in diabetic patients without gastroparesis, probably due to emptying of gastric juice. As compared to healthy volunteers, diabetic patients in general showed significantly greater dilation of the gastric antrum giving larger mean values for pre-as well as postprandial antral areas (Figure 1) . Observations have been made previously, showing a wide gastric antrum in patients with long-standing diabetes mellitus type 1 [28] . This difference could represent a loss of gastric tone in the group of diabetic patients as a consequence of vagal impairment due to autonomic neuropathy causing a generally more "slack" stomach. Possible differences in the gastric antral content of liquid during fasting between healthy volunteers and diabetic patients also could influence the results.
In this study there was no significant correlation between gastroparesis and symptoms suggestive of diabetic gastroparesis. This is consistent with previous study results showing a poor relationship between delay in gastric emptying in patients with diabetes mellitus and the presence or absence of upper gastrointestinal symptoms [2] - [4] . It is believed that diabetic gastroparesis may be asymptomatic due to visceral afferent neuropathy [29] and unexplained poor glycaemic control might be the only clue to the diagnosis [30] [31] . Autonomic nervous function is reduced with age and could potentially cause delayed gastric emptying. However, studies have shown that this reduction is not large enough to be relevant [32] . Some studies have shown a difference between females and males regarding gastric emptying [33] [34] while others did not find any difference [19] . Obesity seems to be related to lower GLP levels and increased gastric emptying [35] - [37] . The mean BMI was high among the participants in this study which in theory could counteract the delayed gastric emptying of the diabetic patients. Despite this, the study shows low gastric emptying rates among Emirati diabetic patients and no significant relation was found between GER and the duration of diabetes, the HbA1c percentage, age or BMI. In addition, since age, sex, weight and smoking habits may affect gastric emptying, the control group was matched for these confounding factors. The limitations for this study are the small size of the diabetic patient group.
Conclusion
In conclusion, this study shows a higher rate of gastroparesis among randomly selected Emirati diabetic patients, than in any other study previously published around the world. A larger study is needed to confirm this high prevalence of gastroparesis among diabetic patients in the UAE.
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